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(54) An optoelectronic semiconductor device 

(57) A laser or light emitting diode device has a p-i- 
n structure 3, 4, 5 and a distributed Bragg reflector hav- 
ing layers 6a alternating with layers 6b of different re- 



fractive indices. The layers 6a and 6b are formed of p- 
type conducting polymer materials which are electrically 
conducting and transparent at the emission wavelength 
of the device. 
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Descripti n 

The present invention relates to optoelectronic 
semiconductor devices incorporating a distributed 
Bragg reflector (DBR), eg lasers such as vertical cavity 
surface emitting lasers (VCSELs), and light emitting di- 
odes such as resonant cavity light emitting diodes 
(RCLEDs). 

A major factor affecting the light output efficiency of 
VCSELs and RCLEDs is the series resistance of the dis- 
tributed Bragg reflectors (DBRs), which inhibits carrier 
injection into an optical active region of the device. 
DBRs are made up of a multiplicity of transparent layers 
in which alternating layers of different refractive index 
are formed generally by epitaxial growth and carriers 
can be injected through the DBR and into the optically 
active region. 

A RCLED structure comprises an active region lo- 
cated in a resonant optical cavity. An example of this 
structure is a n + GaAs substrate on top of which are 
formed a lower n-type semiconductor AlAs/A^Ga^As 
DBR, a n-type confinement region, an active region, a 
p-type confinement region and a top reflector formed of 
Ag films covered by transparent conductor cadmium tin 
oxide layers. Such a structure is disclosed in Applied 
Physics Letters 60 (8), pages 921 - 923 (1992). Howev- 
er, the above DBR mirror is not practical for wavelengths 
of light which are in the visible range of the electromag- 
netic spectrum, since the band gaps of these materials 
are too small. 

Wider band gap materials, such as AIGalnP/GalnP, 
can be used to fabricate DBR mirrors in devices emitting 
wavelengths of light in the range corresponding to infra- 
red through to green light. An example of a surface-emit- 
ting LED structure using wider band gap materials com- 
prises an InGaAlP layer grown on a mis-orientated 
GaAs substrate in order to achieve improved emission 
properties. A single n-doped distributed Bragg reflector 
formed from InGaAlP layers is located between the sub- 
strate and an active region. Such a structure emits light 
in the visible range of the electromagnetic spectrum cor- 
responding to green coloured light and is taught in Ap- 
plied Physics Letters 61 (15), page 1775 - 1777 (1992). 

However, the difference in the refractive index be- 
tween mirror layers for phosphide doped semiconductor 
DBR mirrors becomes smaller for shorter wavelength 
mirrors, thus the number of layers of the mirror has to 
be increased in order to achieve the required reflectivity. 
Consequently, the series resistance of the semiconduc- 
tor DBR mirror is increased. For phosphide doped sem- 
iconductor DBR mirrors, the maximum obtainable differ- 
ence in refractive indices between adjacent mirror lay- 
ers is in the region of 8%. The refractive index difference 
between adjacent mirror layers in arsenide doped sem- 
iconductor DBR mirrors is larger (up to 14%), but such 
DBR mirrors are inefficient as reflectors of light in the 
visible range of the electromagnetic spectrum. 

The use of dopants in order to lower the series re- 



sistance of p-type semiconductor DBR mirrors has also 
been suggested in Applied Physics Letters 61 (15), pag- 
es 1820 - 1822 (1992). IEEE Journal of Quantum Elec- 
tronics Volume 27, No. 6, pages 1 332 - 1 346 (1 991 ) and 
s Applied Physics Letters 62 (22), pages 2748 - 2750 
(1993). However, impurity segregation during the 
growth of the layers of the mirror gives rise to fluctua- 
tions in series resistance over the area of the mirror. 
One example of a VCSEL structure having semi- 
10 conductor DBR mirrors comprises a plurality of quantum 
wells disposed between a lower n-type semiconductor 
DBR and an upper p-type semiconductor DBR by the 
Metal Oxide Chemical vapour Deposition (MOCVD) 
technique. The DBRs consist of A^Ga^As/ 
*5 AlojsGao^sAs/AIAs/AloysGaoasAs layers. The inter- 
mediate Al 0 75 Ga 0 25AS layers are provided in order to 
lower the series resistance of the p-type DBR. The p- 
type semiconductor DBR is also doped with Zn in order 
to reduce its series resistance. Such a structure is de- 
20 scribed in Electronics Letters Vol. 29, No. 15, pages 
1314 - 1316 (1993). However, although the series re- 
sistance is reduced, the series resistance is not reduced 
to an optimum level. 

Another VCSEL structure for reducing the series re- 
25 sistance, whilst maintaining a low optical absorption us- 
es periodically doped semiconductor DBRs. An exam- 
ple of one such device is disclosed in Electronic Letters 
Vol. 28, No. 4, pages 385 - 387 (1992). 

For all of the above known structures, an attempt 
30 has been made to achieve shorter emission wave- 
lengths and improved overall performance of the laser 
devices (e.g., increased quantum efficiency and lower 
threshold current). In the case of the above-described 
devices which have p-type semiconductor DBR mirrors, 
35 the high series resistance of such mirrors inhibits hole 
injection into the optical active region of the respective 
laser devices. The high series resistance also causes 
heating of the device and the additional voltage drop 
across the mirror degrades the device threshold current 
40 considerably for VCSEL structures and increases the 
"turn-on" voltage for RCLED structures. Further, the 
problems caused by the high series resistance of these 
p-type DBR mirrors is compounded when shorter wave- 
lengths (eg green light) are involved since they require 
45 a greater number of mirror layers. 

The use of dielectric mirror stacks has also been 
proposed as a way of overcoming the problem of high 
series resistances in DBR mirrors. Examples of such 
use are disclosed in Optics Letters, Vol. 15,1 990, pages 
so 679-681 and Applied Physics Letters, Vol. 56, 1990, 
pages 2172-2174. However, current has to be injected 
around the insulating dielectric film, thereby increasing 
the fabrication difficulty. Further, the thermal expansion 
coefficients of the dielectric materials and the semicon- 
55 ductor materials are usually different and so give rise to 
thermal strain problems. Examples of such devices are 
also disclosed in EP-A-0473362, wherein, in order to in- 
crease the difference in refractive index between alter- 
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nating electrically insulating DBR mirror layers and 
thereby enable the number of such layers to be de- 
creased, an alternating layer structure is epitaxially 
grown and then alternate layers are etched away and 
back-filled with a material which has a significantly dif- s 
ferent refractive index to the remaining unetched layers. 
The back-filling material may be a thermosetting resin 
such as an epoxy resin, an organosiloxane polymer or 
an acrylic resin. 

It is therefore an object of the present invention to io 
obviate or mitigate the problem caused by the high se- 
ries resistance of known DBRs. 

In accordance with a first aspect of the present in- 
vention, there is provided an optoelectronic semicon- 
ductor device comprising an optical active region and is 
an electrically conductive distributed Bragg reflector, 
wherein the distributed Bragg reflector is at least partly 
formed from a polymer material which is electrically con- 
ductive. 

Preferably, the distributed Bragg reflector compris- 20 
es a first electrically conductive layer and a second elec- 
trically conductive layer, the refractive index of the first 
layer being different from the refractive index of the sec- 
ond layer wherein at least the first layer is formed from 
a polymer material which is electrically conductive. 2$ 

In accordance with a second aspect of the present 
invention, there is provided a distributed Bragg reflector 
having a first electrically conductive layer and a second 
electrically conductive layer, the refractive index of the 
first layer being different from the refractive index of the 30 
second layer, wherein at least the first layer is formed 
from a polymer material which is electrically conductive. 

More preferably, the distributed Bragg reflector is 
formed substantially completely of layers of polymer 
materials which are electrically conductive. 35 

By forming the electrically conductive distributive 
Bragg reflector from polymer material which is electri- 
cally conductive, it is possible to reduce the series re- 
sistance of the reflector and so increase the carrier in- 
jection into the active region of the device in comparison 40 
to the use of semiconductor layers for the reflector. 
Thus, the light output efficiency of the device can be im- 
proved. Advantageously, the bulk resistivity of the poly- 
mer material is 1 £2cm or lower, and is preferably in the 
range of about 0.1 to 1 Qcm. 45 

Preferably, the difference between the refractive in- 
dices of adjacent layers of the distributed Bragg reflector 
is as large as possible (preferably greater than 8%, more 
preferably approximately 17%) at the emission wave- 
length of the device. Polymer materials can have differ- so 
ences in refractive indices greater than that of suitable 
semiconductor materials. An advantage of this feature 
is that fewer layers of the polymer material are required 
to form the distributed Bragg reflector because a greater 
variation in refractive indices can be ach ieved with these ss 
polymer materials than with conventionally used semi- 
conductor materials. 

Preferably, the optical transmittance of the polymer 



material is as high as possible at the emission wave- 
length of the device in which the distributed Bragg re- 
flector is used. More preferably, the optical transmit- 
tance of the polymer material is greater than 70%. 

The polymer material may include orientated poly- 
mer molecules such that the polymer material is a po- 
lariser. Orientation may be produced by stretching of the 
polymer material. 

Thus, in accordance with a further aspect of the 
present invention, there is provided a method of produc- 
ing a polarising distributed Bragg reflector comprising 
the steps of forming a multilayer structure of alternating 
layers of electrically conducting polymeric materials of 
different refractive indices, and stretching the multilayer 
structure to orientate polymer molecules in the polymer- 
ic materials. 

The polymer material may be or include an intrinsi- 
cally conductive polymer (ICP). Typically, ICPs are com- 
plexes wherein conductivity arises as a result of charge 
transfer along the polymer backbone. An example of 
such an ICP is a form of polyaniline which has been 
doped or complexed with an organic acid such as an 
organic sulphonic acid to form a polyaniline salt. US Pat- 
ent No. 5069820, the disclosure of which is incorporated 
herein by reference, gives examples of such doped 
polyanilines. A commercially available ICP of this type 
is sold by AlliedSignal Inc of Buffalo, New York State, 
USA under the Registered Trade Mark VERSICON. 
Thus, the polymer material may be or include an elec- 
trically conductive polymer or copolymer salt. Instead of 
being based on polyaniline, the conductive polymer or 
copolymer salt may be based on other polymers or co- 
polymers such as polytrifluorochloroethylene, a-naph- 
thylpoly(meth)acrylate, polyvinyl naphthalene and trif- 
luoroisopropyl(meth)acrylate. Other electrically conduc- 
tive polymeric compositions containing electrically con- 
ductive polyaniline are (disclosed in W092/22911. 

The matrix may be formed of a mixture or blend of 
polymers or copolymers. For example, the above-men- 
tioned doped polymer or copolymer may be mixed or 
blended with an additional polymer or copolymer, eg a 
polymer selected from one or more of vinyl resins (eg 
PVC), (meth)acrylic resins (eg PMMA), polycarbonate 
resins, polyamide resins (eg nylon), polyethylene- 
terephthalate resins (eg PETG), epoxy resins, poly- 
urethane resins and polyester resins. Such additional 
polymer or copolymer may be included in an amount of, 
for example, about 5 % by weight of the total weight of 
the polymer material. The use of these polymer blends 
can enable the refractive index of the polymer material 
to be selected as desired. 

In a convenient embodiment, the first layer of the 
distributed Bragg reflector has a matrix comprising or 
consisting of vinyl naphthalene and the second layer 
has a matrix comprising or consisting of trifluoroisopro- 
pyl methacrylate. In such an embodiment, each matrix 
may be doped with an organic acid radical, eg a sulpho- 
nate radical, or other species which imparts electrical 
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conductivity to the matrix, or each matrix may be blend- 
ed with an electrically conductive polymer or copolymer, 
such as polyaniline, doped with an organic acid radical. 

Other, preferred, features are set forth in the accom- 
panying claims. £ 

The use of doped polyaniline as electrodes for liquid 
crystal displays and as transparent conductive coatings 
for anti-static applications is disclosed in Applied Phys- 
ics Letters 60 (22), page 2711-2713 (1992) where the 
use of polyaniline as the hole injecting electrode of a 10 
flexible LED is also mentioned. Doped polyaniline has 
also been proposed in the above-mentioned US Patent 
No 5069820 for a variety of uses including conductive 
polymer coated-housings for sensitive electronic equip- 
ment, infrared and microwave absorbing shields, flexi- is 
ble electrical conducting connectors : conductive bear- 
ings, brushes, semiconducting photoconductor junc- 
tions, antistatic materials for packaging electronic com- 
ponents, carpet fibres, waxes for floors in computer 
rooms and thin optically transparent antistatic finishes 20 
for CRT screens, aircraft and auto windows. However, 
as far as we are aware, the use of electrically conductive 
materials has never previously been proposed for form- 
ing the layers of a distributed Bragg reflector. The work 
function of conducting polyaniline materials can be as 2s 
high as 4.4 eV. This is comparable with gold, which has 
a work function of 4.3 eV Therefore, good electrical con- 
tact can be made by evaporating gold onto the conduct- 
ing polymer material. 

The polymer material layers of the distributed Bragg 30 
reflector may be produced by a spin-casting technique. 
Preferably, the spin-casting technique is performed us- 
ing solutions of the pre-formed conducting polymer ma- 
terials. The thin-film thickness and surface conductivity 
of the conducting polymer material can be changed by 35 
varying the spin-speed during the casting process. 

The invention will now be described in more detail, 
by way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic diagram of one embodiment *o 
of VCSEL according to the present invention. 

Figure 2 is a schematic diagram of another embod- 
iment of optoelectronic semiconductor light emitting de- 
vice in accordance with the present invention. 

Figure 3 is a graph showing the reflectivity charac- 45 
teristics of a microcavity forming part of the VCSEL of 
Figure 1. 

Figure 4 is a graph showing the reflectivity charac- 
teristics of a DBR mirror fabricated according to the 
present invention. so 

The VCSEL shown in Figure 1 comprises an n-type 
semiconductor DBR mirror 2 formed on the upper sur- 
face of an n + substrate 1 . A p-i-n structure 3, 4, 5 is lo- 
cated on top of the n-type semiconductor DBR mirror 2. 
The p-i-n structure 3, 4, 5 consists of an optical active ss 
intrinsic region 4 sandwiched between an n-type semi- 
conductor layer 3 and a p-type semiconductor layer 5. 
A p-type polymer DBR mirror 6 is formed on top of the 



p-i-n structure 3, 4, 5. The p-i-n structure 3, 4, 5 and the 
mirrors 2 and 6 together define a microcavity. An n-type 
contact 8 is formed on the lower surface of the n + sub- 
strate 1 and a p-type ring contact 7 is formed on the 
upper surface of the p-type polymer DBR mirror 6. 

The p-type polymer DBR mirror 6 is formed of first 
layers 6a of a first transparent conducting polymer ma- 
terial alternating with second layers 6b of a second 
transparent conducting polymer material. The refractive 
index of the first polymer material is different from the 
refractive index of the second polymer material. The re- 
flectivity of the p-type polymer DBR mirror 6 is deter- 
mined by the number of layers in the stack and the dif- 
ference in refractive indices between each layer of the 
stack. 

In this embodiment, the VCSEL is designed to emit 
at a wavelength X of 641 nm. The p-type DBR mirror 6 
is formed of 25 layers (12.5 periods) in which the first 
layers 6a are formed of polytrifluorochloroethylene 
doped with an organic sulphonate radical, and the sec- 
ond layers 6b are formed of a-naphthylmethacrylate 
doped with an organic sulphonate radical. The first lay- 
ers 6a have a refractive index n 1 = 1 .43, and a bulk re- 
sistivity of 0.1-1 Clem. The second layers 6b have a re- 
fractive index n 2 = 1.641, and a bulk resistivity of 0.1-1 
Qcm. The optical active region 4 is a 5/2 X thick GalnP 
active region. The regions 3 and 5 are formed of AIGal- 
nP. The n-type semiconductor DBR mirror 2 is a 25 layer 
(1 2.5 period) stack is formed of alternating, A/4 thick lay- 
ers of AllnP and (Al 0 3 GaQ 7 )lnP, although alternating 
layers of AIGaP and GalnP can be used. 

It can be seen from the reflectivity characteristics of 
Figure 3, that a 'notch" appears in the reflectivity char- 
acteristic at 641 nm corresponding to the emission 
wavelength X of the microcavity. 

In order to form the semiconductor device of Figure 
1, the n-type semiconductor DBR mirror 2, the n-type 
semiconductor layer 3, the optical active intrinsic region 
4 and the p-type semiconductor layer 5 are grown on 
the n + substrate 1 by any desired technique, such as 
Molecular Beam Epitaxy (MBE) or Vapour Phase Epi- 
taxy (VPE). 

The p-type polymer DBR mirror 6 is then formed on 
top of the p-type semiconductor layer 5 by a spin-casting 
technique using a solvent solution of the electrically con- 
ducting polymer materials. In this embodiment, the lay- 
ers 6a are formed using a solution of the above-de- 
scribed doped polytrifluorochloroethylene in a solvent of 
toluene, whilst the layers 6b are formed using a solution 
of the above-described doped a-naphthylmethacrylate 
in a solvent of toluene. Although toluene is used as the 
solvent above, other solvents may be used, eg acetone. 
The type and concentration of solvent used depends up- 
on the desired viscosity of the electrically conducting 
polymer materials for forming the layers of the polymer 
DBR mirror 6 during spin-casting. The thickness of each 
layer 6a, 6b corresponds to A/4, where A is the emission 
wavelength of the device. 
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The reflectivity characteristic of the p-type polymer 
DBR mirror 6 is determined by: the number of alternating 
polymer stack layers 6a, 6b, the difference in refractive 
indices between each adjacent layer 6a t 6b and the 
thickness of each layer 6a, 6b. It is possible to control 5 
the thickness of each layer of the polymer material 6a t 
6b by varying the spin-speed and viscosity of the poly- 
mer solution during the spin casting process. 

High quality polymer thin-films can also be grown 
to a high precision by photodeposition techniques or io 
chemical vapour techniques. Examples of such tech- 
niques are disclosed in Chemical Matters 6, 221 3 ( 1 994) 
and the Journal of American Chemical Society, Vol. 114, 
No. 9 ( pages 3247-3251 (1992). 

In another example of the present invention, a DBR is 
mirror is separately formed of layers of conducting pol- 
ymer materials and then "stretched", so as to orientate 
the polymer molecules by a similar process to that used 
to stretch dichroic plastics to obtain a sheet which is lin- 
early polarised. The resultant sheet is then bonded to 20 
the p-i-n structure 3, 4, 5. The polarisation degree can 
be controlled by control of the stretching operation. 

Referring to Figure 2, a semiconductor structure 1 0 
is shown comprising an n + substrate 11, a lower semi- 
conductor DBR mirror 12, an n-type layer 13, an optical 25 
active, intrinsic region 14 and a p-type layer 15. The 
"stretched" p-type polymer material is thermally bonded 
to the semiconductor structure 10 to form an upper p- 
type polymer polarizing DBR mirror 9, thereby to form a 
Fabry-Perot microcavity between and including the up- 30 
per p-type polymer polarizing DBR mirror 9 and the low- 
er semiconductor DBR mirror 12. The active region 14 
of the Fabry-Perot cavity has an anti-node in the optical 
field. 

After thermally bonding the upper DBR mirror 9 onto 35 
the semiconductor structure 10, upper and lower con- 
tacts (not shown in Fig. 2) are respectively formed in a 
manner known per se on the upper surface of the upper 
DBR mirror 9 and the undersurface of the substrate 11 . 

As in the case of the previous example, the Fabry- 40 
Perot cavity has a "notch" in its reflectivity characteristic 
allowing only linearly polarised light to escape at the 
wavelength corresponding to the "notch". The top p-type 
polymer polarizing DBR mirror 9 reflects light of other 
polarizations. 45 

An advantage of the top p-type polymer polarizing 
DBR mirror 9 is that it forms an integral part of the micro 
cavity and so reduces losses because it ensures the di- 
rect feedback of the reflected light into the micro cavity. 

In another embodiment of the present invention, a so 
28 layer (14 period) p-type polymer DBR mirror is 
formed by any of the above mentioned techniques. The 
p-type polymer DBR mirror comprises alternating layers 
of vinyl naphthalene doped with an organic sulphonate 
radical and trifluoroisopropyl methacrylate doped with ss 
an organic sulphonate radical. The reflectivity charac- 
teristics are shown in Figure 4. At 630 nm, the reflectivity 
of the mirror is greater than or equal to 99.9%. 



Due to the greater difference in refractive indices 
between layers of these polymer DBR mirrors, it is pos- 
sible to achieve a 99.9% reflectivity with fewer periods 
than with wide band gap materials, such as AIGaP/Gal- 
nP. Thus, there is on average, about 2-3 orders of mag- 
nitude improvement in the series resistance of a p-type 
DBR mirror using polymer materials compared with a p- 
type DBR mirror fabricated from semiconductor materi- 
als. 

On account of their low series resistance, polymer 
DBR mirrors provide improved hole injection into the op- 
tical active region of a device whilst retaining the reflec- 
tive properties of the mirror. Thus, optical efficiency is 
improved, lower thresholds achieved and device heat- 
ing of vertical cavity light emitting structures is reduced. 

It is not intended to restrict the scope of the present 
invention to the class of optoelectronic devices compris- 
ing phosphide semiconductor materials. It is conceiva- 
ble to construct VCSELs and RCLEDs from wide band 
gap nitride or ll-VI group semiconductor materials, the 
band gaps of these materials being larger than the band 
gaps of phosphide semiconductor materials. Typically, 
the band gaps of nitride or ll-VI group semiconductor 
materials correspond to wavelengths of light in the blue 
to ultra-violet range of wavelengths. Since nitride and ll- 
VI group semiconductor materials are difficult to dope 
p-type (only relatively low doping levels have been 
achieved, typically p ~ 10 17 - 10 18 cm- 3 ), the use of low 
resistance p-type polymer DBRs provides a convenient 
way of fabricating VCSELs or RCLEDs comprising ni- 
tride or ll-VI group semiconductor materials. 

Thus, VCSELs and RCLEDs formed from nitride or 
ll-VI group semiconductor materials and having a poly- 
mer p-type DBR mirror avoid the need to p-dope the 
semiconductor DBR. Furthermore, the overall thickness 
of a short wavelength polymer DBR mirror becomes 
thinner, since the thickness of each layer in the DBR cor- 
responds to X/4. For example, the thickness (and series 
resistance) of a DBR suitable for use with wavelengths 
of light corresponding to blue light is ~ 30% less than 
the thickness of a DBR suitable for use with wavelengths 
of light corresponding to red light. The performance of 
short wavelength optoelectronic devices is therefore im- 
proved. 

Further, the present invention is not limited to a p- 
type polymer mirror/semiconductor configuration. The 
invention also contemplates all-polymer optoelectronic 
devices having both n- and p-type polymer DBR mirrors 
and polymer p-n or p-i-n regions, e.g. an EL polymer 
microcavity (for example, of the type described in Ap- 
plied Physics Letters 58 (18), page 1982 (1991) or Ap- 
plied Physics Letters 63 (15), page 2032 (1993)). 

Claims 

1. An optoelectronic semiconductor device compris- 
ing an optical active region and an electrically con- 
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ductive Bragg reflector, wherein the Bragg reflector 
is at least partly formed from a polymer material 
which is electrically conductive. 

2. A device as claimed in claim 1 , wherein the Bragg s 
reflector comprises a first electrically conductive 
layer and a second electrically conductive layer, the 
refractive index of the first layer being different from 
the refractive index of the second layer, wherein at 
least the first layer is formed from said polymer ma- io 
terial which is electrically conductive. 

3. A device as claimed in claim 2, wherein the Bragg 
reflector comprises a multiplicity of said first layers 
alternating with a multiplicity of said second layers, *s 
and wherein all of said layers are formed of electri- 
cally conductive polymer materials. 

4. A device as claimed in any one of the preceding 
claims, wherein the polymer material comprises a 20 
non-conducting polymer matrix doped with a carri- 
er. 

5. A device as claimed in any one of claims 1 to 3, 
wherein the polymer material comprises a blend of 25 
a non-conducting polymer doped with a carrier and 

an additional polymer. 

6. A device as claimed in claim 5, wherein the addi- 
tional polymer is selected from vinyl resins, acrylic 30 
(including methacrylic) resins, polycarbonate res- 
ins, polyamide resins, polyethyleneterephthalate 
resins, epoxy resins, polyurethane resins and poly- 
ester resins. 

35 

7. A device as claimed in any preceding claim, where- 
in the bulk resistivity of the polymer material is 1 
ftcm or lower. 

8. A device as claimed in any preceding claim, where- 40 
in the polymer material includes oriented polymer 
molecules such that the polymer material is a po- 
lariser. 

9. A device as claimed in any preceding claim, which 45 
is a light emitting device. 

10. A device as claimed in claim 9, which is a laser. 

11. A device as claimed in claim 10, wherein the laser so 
is a VCSEL. 

12. A distributed Bragg reflector having a first electri- 
cally conductive layer and a second electrically con- 
ductive layer, the refractive index of the first layer ss 
being different from the refractive index of the sec- 
ond layer, wherein at least the first layer is formed 
from a polymer material which is electrically con- 



ductive. 

13. A method of producing a polarising distributed 
Bragg reflector comprising the steps of forming a 
multilayer structure of alternating layers of electri- 
cally conducting polymeric materials of different re- 
fractive indices, and stretching the multilayer struc- 
ture to orientate polymer molecules in the polymeric 
materials. 
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